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THE PROSPECTSOF WING LARGEVACUUMPHOTODIODESWITH

GAS SCINTILLATIONPROPORTIONALCOUNTERS

D. F. Anderson

Health PhysicsGroup

Los AlamosScientificLaboratory

The photomultipliertube (IW] has been a limitingfactorin the development

of largearea gas scintillationproportionalcounters(GSPC). The large

quartz PKI’sneededare expensive,bulky, fragile,oftenhave longterm

instabilities,and are availableonly in a limitednumberof sizes. The

largestsuch tube availablehas a photocathodeof only 11 cm diameter.

‘1) that a vacuumphotodiodeIt has been demonstratedby Van Staden,et.al.

can be used as the sensingelementfor gas scintillators.The advantagesof

photodiodesare that they can be made less -xpensivelythan PMTs,they are

compact,mgged, and very stable. Unfortunately,the commerciallyavailh.le

photodiodesare smalland have peak quantumefficienciesof 20% or less. Thus,

they are not yet competitivewith PMI’s.

We have exploredtwo photocathodematerialsthat appearpromisingfor the

detectionof the W lightfrom noble gas scintillators.These arecsI reported

on by Di Stefcnoand Spicer
(2], and Cs2Te reportedon by Fisher,et.al.(5)



Figure 1 showsthe quantumefficienciesof these two photocathodematerials
(2,3)

as a functionof photonwavelengthsuperimposedover the emissionspectraof

‘4] The quantumefficiencyof a spectrosilPhflandxenon,krypton,and argon.

windowwith a bialkaliphotocathodeis also shown. The integratedquantum

efficienciesof thesephoto-cathodesare given for the three gases in Table I.

Assumingno geometricfactorsto degraderesolution,the fluctuationin

the pulse amplitudeof a GSPC with a photodiodedetectingmonoenergeticx-rays

of energy,Ex:

is
2

(){

‘P = (F + f)W
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where ~ is

associated

the mean pulse height,F is the Fano factor,f is the variance

with chargemultiplicationof one primaryelectronand W is the mean

energy to produceone ion pair. N is the mean numberof photonsdetectedby

the photodiodeand n is the rms noise (measuredin electrons)of the amplifier

used. The full width half maximum resolutionof the counteris

R{FWHM)= 2.3S;s (2)



For xenonF = .13C5)endw = 21.9eV. Normally,a

f- o. Assumingan instmment that produces3X104

GSPC is operatedwith

photons/keV/atminto 4U sr, a

Cs2Tephotodiodethat subtendsa solid

of 80%, the expectedresolutioncan be

Table II shows the expectedresolution

angleof m sr, and a window transmission

calculatedas a functionof x-rayenergy.

for such an instmment for N=200 and

400 electrons

system with a

also included

mns and 1 and 1-1/2atm fillingsof xenon. The responseof

resolutionof 8% FWHMfor 6 keV x rays and one atm of xenon

as a

resolutionsbetter

noise amplifieris

comparison. The amplifierwith N=200 electronsgives

a PMT

is

than the Pm for x-ray energies>5 keV and the 400 electrons

better than the PMT above 15 and 10 keV for 1 and 1-1/2atm

fillingsrespectively.

The constmction of the largeCs2Tevacuumphotodiodesneededto detectxenon
.

lightin G5PCSwill requiresome development. A means must be developedto

coat a large surfacewith Te end then transferit to

while still in a vacuum. Once largephotodiodesare

will be possiblewith greaterresolutionand reduced

with PMI’sare also eliminated.

the phatodiodestructure

developed,largerG5PCS

cost. Associatedproblems



REFERENCES

(1) J. C. Van Staden,J. Fob, M. Mutterer,J. Pannicke,K.-P. Schelhaas,and

J. P. Theobald,Nucl. Inst.

(2) T. H. Di Stefano,and W. E.

(3) %, G, Fisher,N. E. Spicer,

Appl. Opt. ~, 799 (1973).

(4) A. Gedanken,J. Jortner,B.

(1972].

and Meth.~ 301 (1978].

Spicer,Phys. Rev. B,

P. C. McKernan,V. F.

Raz, and A. Szoke,J.

~, 1554 (1973).

Pereskok,and S. J. Wanner,

Chem. Phys.,57, 3456—

(5) D. F. Anderson,T. T. Hamiton,W. H.-M. Ku, and R. Novich,acceptedfor

publicationin Nucl. Inst.and Meth.



TABLE I

QUANTuMEFFICIENCYOF VARIOIEPHOTONDETECTORSYSTEMS

QuantumEfficiency(%]

System Xe Kr Ar

Cs2Te+ 29.3 12.5 57.6

CSI+ 12.8 37.5 12.3

Pm* 6.1 -

+The abgo~tion of the windowon the vacuum
photodiodeis not included.

●Thisassumesa SpectrosilP141’with a bialkali
photocathodeand a 4 mm SpectrosilGSPCwindow.

TABLE II

ENERGYRESOL~ION FOR A GSPC USING Cs9TeVACUUMPH~ODIODES AND A PMT

Resolution(% fwhml

Ex
(keV)

5
10
15
20
25
30

1 atm xenon

N. 200” N-400 PMI’

8.1 12.3 8.8
5.1 6.9 6.2
4.0 5.0 5.0
3.4 4.1 4.4
3.0 3.5 3.9
2.7 3.1 3.6

1.5 atm xenon

N.20(3 N=400 Pm

7.0 9.3 7.8
4.6 5.5 5.6
3.7 4,2 4.5
3.1 3.5 3.9
2.8 3.0 3.5
2.5 2.7 3.2
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Fig. 1. Quantumefficiencyof a Cs2Tephotodiode,CSI
with a bialkaliphotocathodeas a functionof
spectraof xenon,krypton,and argonare also

photodhde and a SpectrosilP141’
photonwavelength.The emission
included.


